INTRODUCTION
Periodontitis is one of the most common inflammatory diseases and is characterized by the presence of (mainly gram-negative) anaerobes, accumulation of immune cells, formation of periodontal pockets, and loss of tooth attachment (1, 2) . Recent studies have investigated the roles of cytokines and secreted proteinases in periodontitis (3) .
Tumor necrosis factor alpha (TNF-α), a cytokine involved in the inflammatory response, is synthesized as a 26 kDa membrane-anchored protein, from which an active soluble 17 kDa extracellular domain is proteolytically released. This proteolytic release event is catalyzed by TNF-α converting enzyme (TACE), a membrane-bound metalloproteinase (4) . TACE has been implicated in the pathogenesis of periodontal destruction and is also known to be a stimulator of bone resorption. A recent study also suggested that TACE may be of relevance to periodontitis. TACE can promote the expression and release of ligands and receptors that are strongly associated with inflammation, including TNF-α and interleukin-1 receptor II (5) .
Receptor activator of NF-κB ligand (RANKL) is a 317 amino acid peptide produced by osteoblastic lineage cells and activated T-cells. RANKL exists in two forms: one presents as a cell surface protein with a molecular weight of 35.5 kDa while the other presents as a soluble form with a molecular weight of 27.2 kDa. The osteoclastogenic action of RANKL can be blocked by the soluble decoy receptor osteoprotegerin (OPG) (6) . Together, these two molecules play key roles in bone resorption (7). The role of RANKL and OPG expression in the regulation of bone destruction has also been demonstrated in periodontitis (8) (9) (10) . RANKL can be also cleaved and released from the cell surface by TACE (7, 11, 12) . However, the relationship between TACE and periodontal disease has not been studied enough to make definitive conclusions.
In the present study, we investigated whether or not TACE can serve as a biomarker in different stages of periodontitis and determined the effect of TACE on RANKL and OPG expression in osteoblastic cells.
RESULTS

TACE protein levels in gingival tissues and GCF from periodontitis patients
TACE protein levels were first assessed in the gingival tissues of periodontitis patients by Western blot analysis. Elevated levels of TACE were detected in the gingival tissues of patients with gingivitis, moderate periodontitis, and severe periodontitis compared to that of the healthy group (Fig. 1A) . Relative protein levels were measured by densitometry analysis of the TACE bands using the Scion image analysis program. The levels of TACE in the gingival tissues of the healthy control, gingivitis, moderate periodontitis, and severe periodontitis groups were 0.27 ± 0.18, 0.47 ± 0.35, 0.71 ± 0.42, and 0.61 ± 0.41, respectively (Fig. 1B) . ANOVA analysis revealed that TACE expression was significantly higher in the moderate http://bmbreports.org The individual values represent the total TACE concentration (pg/ml) in the GCF from each subject. The TACE protein concentration was higher in patients with moderate periodontitis compared to the healthy controls. periodontitis group compared to the healthy group (P value = 0.07).
To measure TACE protein expression in GCF, a sensitive, quantitative ELISA was used. TACE expression was detected in 11 out of 26 healthy samples, and the average concentration was 58.8 ± 84.2 pg/μl. However, TACE were detected in 17 out of 30 gingivitis patients, 22 out of 30 moderate periodontitis patients, and 21 out of 30 in severe periodontitis patients. The average concentrations of TACE in GCF were 100.3 ± 130.2 pg/μl in the gingivitis group, 109.3 ± 116.0 pg/μl in the moderate periodontitis group, and 88.4 ± 96.0 pg/μl in the severe periodontitis group. ANOVA analysis showed that the levels of TACE in GCF slightly increased in the moderate periodontitis group compared to the healthy group (P value = 0.017). There was no significant difference between the gingivitis or severe periodontitis group and the healthy group (Fig. 2) .
Expression of RANKL and OPG by TACE in MG63 cells
Since TACE levels were elevated in the GCF from periodontitis patients, we investigated whether or not TACE has any effect on regulation of the osteoclastic differentiation factors RANKL and OPG in osteoblasts. Human osteoblastic MG63 cells were treated with recombinant TACE, and the expression levels of RANKL and OPG were examined. The mRNA expression of RANKL slightly increased while the level of OPG slightly decreased in response to TACE treatment for 36 h (Fig. 3A) . However, the protein level of RANKL was significantly elevated while the OPG protein level was significantly decreased in MG63 cells treated with TACE for 36 h (Fig. 3B) .
DISCUSSION
In this study, we observed an increase in TACE protein levels in moderate periodontitis groups compared with healthy groups. Recent studies have shown that the total amount of TACE in GCF is elevated in patients with chronic and aggressive periodontitis compared with healthy controls (5). However, no report has yet examined the levels of TACE in both the gingival tissues and GCF at different stages of periodontitis. This is also the first study that has investigated the levels of TACE protein in gingival tissues from patients with gingivitis and different stages of periodontitis. TACE levels were elevated in the periodontitis groups compared with the healthy groups (Fig. 1) . Densitometry analysis of TACE Western blots showed a significant increase in TACE expression in the moderate periodontitis groups (Fig. 1B) .
TACE expression was also increased in GCF from patients with moderate periodontitis compared with the healthy groups (Fig. 2) . Although the gingivitis and severe periodontitis groups showed slightly increased levels of TACE, only the moderate periodontitis group showed a statistically significant increase. We hypothesize that the level of TACE during moderate periodontitis becomes statistically high enough to be detected due to increased inflammation. However, later on during severe periodontitis, when bleeding is apparent in the GCF, anti-inflammatory signals appear and reduce the presence of inflammatory molecules such as TACE. This could explain why the level of TACE was slightly lower in the severe periodontitis group. Besides, we also observed that other biomarkers such as azurocidin were also lower in the severe periodontitis group compared to the moderate periodontitis group (manuscript in revision).
TACE is a membrane-bound metalloproteinase that can cleave RANKL into its product, soluble RANKL, which is a key factor for osteoclastogenic activity and bone resorption (11) . Recent studies have shown that P. gingivalis stimulates the mRNA expression and production of TACE by host cells (10) . Previously, stimulation of PDL cells with a high concentration of purified P. gingivalis LPS led to an increase in RANKL expression, though lower concentrations had no effect (7) . Here, we demonstrated that exposure of MG63 cells to TACE resulted in increased RANKL protein expression, although mRNA expression only slightly changed (Fig. 3) . The fact that TACE had a more dramatic effect on the protein expression of RANKL and OPG than on mRNA expression indicates that TACE might participate in posttranscriptional regulation of RANKL and OPG (e.g., down-regulation of RANKL-targeted micro-RNA and/or RANKL protein stabilization by down-regulation of RANKL-targeted E3 ligases). Further investigation is needed to evaluate these possibilities. It is possible that recombinant TACE could stimulate protein production of RANKL but not that of OPG by increasing cytokine activation. However, the cytokines involved in this process are yet to be identified, and elucidation of the mechanism requires further study. IL-1β and TNF-α are known to activate NF-κB in MG63 cells, resulting in induction of target genes (13) . A report that exposure of osteoblast-like cells to IL-1β and TNF-α results in increased IL-6R production mediated by TACE activation (14) also provides evidence that TACE might reversibly activate these cytokines to increase RANKL protein expression.
In conclusion, our studies demonstrated that TACE treatment leads to increased RANKL expression in osteoblast cells. It was also found that the use of drugs that suppress TACE could be a new therapeutic strategy for inhibiting bone destruction in patients with periodontitis.
MATERIALS AND METHODS
Materials
Recombinant human TACE and human Adam17/TACE ELISA kits were purchased from R&D Systems, Inc. (Minneapolis, USA). TRIZOL Reagent and DMEM medium were purchased from Invitrogen (Grand Island, NY). Sequencing grade modified trypsin and complete protease inhibitor cocktail tablets were purchased from Roche (Mannheim, Germany). TACE, RANKL, anti-goat IgG, and OPG antibodies were obtained from Santa Cruz Biotechnology (California, USA). β-actin antibody was purchased from Sigma-Aldrich (St. Louis, MO, USA). Horseradish peroxidase (HRP)-conjugated anti-mouse IgG and anti-rabbit IgG antibodies were purchased from Cell Signaling Technology, Inc. (Danvers, MA, USA). The 5% premixed stacking gel solutions, 12 and 15% premixed running gel solutions, and RIPA lysis buffer were purchased from Elpis-Biotech (Daejeon, Korea).
Cell culture
MG63 human osteosarcoma cells were grown in DMEM supplemented with 10% dialyzed fetal calf serum and 100 units/ml of penicillin/streptomycin at 37 o C in a humidified atmosphere containing 5% CO2. For treatment with TACE recombinant protein, confluent MG63 cells were washed twice with serum-free medium and treated with TACE at a concentration of 100 ng/ml.
Gingival tissues biopsies
Gingival tissues were obtained from periodontal biopsies taken from 45 periodontitis patients and 15 healthy control subjects ( 
GCF collection
GCF samples were obtained from 116 adult periodontitis patients (Table 1) . For the healthy group, GCF samples were collected from the sulcus of multi-rooted teeth from four posterior areas with a pocket depth (PD) of up to 3 mm without bleeding upon probing. For the gingivitis group, GCF samples were collected from teeth with a 3 mm PD. For the moderate periodontitis group, GCF samples were collected from teeth with a 4-6 mm PD with bleeding upon probing. For the severe periodontitis group, GCF samples were collected from teeth with a 6 ≥ mm PD with bleeding on probing. The selected sites were cleared of supragingival plaques, isolated with cotton rolls, and dried with a gentle stream of air to prevent saliva contamination. Samples were lyophilized and re-eluted in 20 μl of saline, followed by storage at -70 o C prior to analysis.
Western blot analysis
Western blot analysis was performed as previously reported (15) . Briefly, the blots were incubated overnight at 4 o C with goat polyclonal anti-TACE (1：750), mouse monoclonal anti-RANKL (1：500), rabbit polyclonal anti-OPG (1：500), and mouse monoclonal anti-β-actin (1：2,000) antibodies. After washing in TBS containing 0.05% Tween 20, blots were incubated for 1 h at room temperature with anti-rabbit, anti-goat, or anti-mouse IgG horseradish peroxidase-linked secondary antibody (1：1,000). Protein bands were visualized by ECL detection.
Enzyme-linked immunosorbant assay (ELISA)
GCF samples were analyzed for TACE using a commercially available ELISA kit (R&D systems, Minneapolis, USA). This assay comprised a sandwich ELISA and was performed according to the manufacturer's instructions using human recombinant standards. Results are reported as the total amount of TACE per GCF sample and are expressed as pg/ml. Whenever TACE levels are compared among patient groups, mean whole mouth TACE values are used.
Determination of mRNA levels
RT-PCR analysis was performed as previously reported (15) . Total cellular RNA was extracted from cells using TRIZOL Reagent, and RNA concentrations were measured by spectrophotometry. To determine the mRNA expression of RANKL and OPG, RT-PCR was performed using the primers as previously reported (16) .
Statistical analysis
All data are presented as means ± standard deviations (SD). Densitometry and ELISA results of the groups were analyzed for statistical significance by one-way ANOVAs of variance with Tukey's test. The analyses were performed using OriginPro 8. Probability (P value) of less than 0.05 was considered to be significant.
